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ABSTRACT

Hyde, Richard Albert S. PLZ , Social and Applied Economics, Wright State University,
1CF7 Tte Feasibility of Using Hedonic Pricing Models to Predict the Cost to the Air
Force of Aircraft Engines,

The objective of this paper is to determine the feasibility of using hedonic pricing
models to predict the cost to the Air Force of aircraft engines purchased under
government contracts. A hedonic pricing model is constructed using an ordinary least
square regression format. The distinguishing factor is that cost is always the dependent
variable in a hedonic pricing model. The word hedonic means pertaining to pleasure.
Economists relate pleasure to value. Therefore, the predicted coefficients of variables
produced by the hedonic model, represent marginal values of each variable. The
coefficients also show how the variables impact cost. A good hedonic model will be able
to explain a large portion of the total variation in the model and accurately predict cost.
A sample of twenty turbofan engines was used to construct the models. Internal engine
parameters were too highly correlated to produce significant results. Four internal
variables were chosen to represent the entire bundle of internal engine characteristics.
These four variables, overall pressure ratio, thrust-to-weight ratio, thrust, and weight,
along with four external variables were placed in various models to determine if any
combination of variables would produce a model that could predict the cost paid by the
Air Force of an aircraft engine. Multiple series of models were run with various levels of
success. The one problem persisted through all the models--the sign associated with the
variable, cost of labor (LBR), was negatively correlated with cost suggesting that as cost

of labor increased cost of production decreased Tie logical progression of this is that if
labor is paid more and more, the engines will cost next to nothing. Obviously, this
cannot be true. Many iterations failed to correct this err''.!. The two main reasons that
this approach did not work are the small sample size and the quasi-market where
government aircraft engines are purchased by the Air Force. Multicollinearity played a
large part in the small sample size and political factors greatly influenced the market for
govemment-purchase aircraft engines. For these reasons, hedonic pricing techniques
could not be used to predict the cost to the Air Force of aircraft engines purchased under
government contracts.
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Consumers use hedonic pricing models all the time even if they don't recognize
them as hedonic pricing models. One hedonic pricing model used by consumers is the
used car “blue book.” The blue book lets buyers and sellers estimate the value of a
particular vehicle by letting them know how much should be added to the price of a car if
it has certain features like power windows, antilock brakes or an air bag. In essence, the
prices in the book represent marginal values. The marginal values are an effective tool
for cost estimation. The purpose of this project is to determine if this type of hedonic
modeling can be applied predicting the cost to the Air Force of aircraft engines purchased
under government contracts.
What is a hedonic pricing model? The American Heritage Dictionary, Second
College Edition, defines hedonic as “of, pertaining to, or marked by pleasure.” In
economics, pleasure is measured as utility or value; so, a hedonic pricing model
estimates the marginal value of factors that affect price. There are certain conditions
which must be met in order for the hedonic approach to work. The characteristics of an
input must be the same among all the producers. For instance, power windows must
mean the same thing to a Ford as it does to a Chevy. Prices at which products are bought
and sold should be set by market competition. The hedonic pricing model also assumes
that there is a continuous function relating the price of a good to its attributes and that
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consumers select a product by equating the marginal utility of each attribute of the
product to its marginal price1- In other words, price is determined only by the
characteristics of the good-no other factors are mvolved.
Constructing a hedonic pricing model is easily done using an ordinary least
squares (OLS) regression form! Cost or price is the dependent variable and the
independent variables are those factors that impact cost. The key to any model is
accurate data. After the data is collected, the OLS regression is run, and the results will
show the effect each independent variable has on cost in the form of marginal values. A
consumer can then take the results and use them to roughly determine the cost of an item
given certain characteristics.
Here is an example of how a hedonic model works when purchasing a used car.
A prospective buyer finds a car he wants to buy. It ic a IC36 Zebra with 70,000 miles,
power windows, two air bags, and antilock brakes. The blue book gives the buyer the
following information: the base cost for that year is $4,000; add $100 for power
windows, add $200 for each airbag, add or subtract $500 for every 5,000 miles under or
over 60,000, and add $250 for antilock brakes. So, if this were in the form of a hedonic
pricing model it would look like this:
Cost = Base year cost + w(power windows) + x(air bags) + y(miles) + z(antilock brakes)
where w, x, y, and z are the marginal values of each cost factor.

1 Maureen L. Cropper, Leland Deck, Nalin Kishor, and Kenneth E McConnell, “Valuing Product Attributes
Using Single Market Data: A Comparison of Hedonic and Discrete Choice Approaches.” The Review of
Economic and Statistics. Vol. 75 (May 1993), p. 225.
2 John P. Blair, Urban and Regional Economics. Homewood, Illinois, Richard D Irwin,

Inc., 1991, p. 399.
2

So, given the data from the book, the equation to figure the cost of the 1986 Zebra would
be:
Cost = 4,000 + 100 + 200(2) + 500(-2) + 250 = $3,750.
The buyer can expect to pay $3,750 for this car. Tiie model is very simple and easy to
use. If the buyer wanted to find a Zebra that costs less, he might look for one with more
miles or no air bags. He can use this model to estimate the price of a car because he
knows the marginal values of the features of the car.
Car pricing is just one example of a commonly used hedonic pricing model. This
paper will examine the feasibility of using such a model to determine the Cost to the Air
Force of a turbofan aircraft engine. In this case, the government/Air Force is the
consumer of these products. The modeling technique is a regression of the Cost, as
charged to the Department of Defense, on various internal engine characteristics to
include: thrust, weight, thrust-to-weight ratio, compressor sections (high and low
pressure), compressor fans, turbine sections (high and low pressure), turbine inlet
temperature, specific fuel consumption, fan pressure ratio, high (compressor) pressure
ratio, overall pressure ratio, bypass ratio, and airflow; and some external characteristics
like the costs of labor and capital, age of the product, and quantity of engines produced
which are used as controls. The regressions were run using the Statistical Analysis
System (SAS) and Microsoft Excel Variations of the models were run in an attempt to
eliminate problems and to maximize the explained variation, K2. A ll of the raw engine
data was extracted from The Engine Handbook prepared by Air Force Logistics
Command. (Air Force Logistics Command headquartered at Wright-Patterson Air Force
Base was consolidated with Systems Command and renamed Materiel Command) Lata
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and modeling will be discussed in greater detail
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111 subsequent

sections.

n.

O T ir .i/'L T ij s j ;

r e s o u r c e s c e id f a t a

A. Literature Review
The main source of inspiration for the hedonic pricing models used in this paper
can be found iii Dr. John P. Elair’s text, Urban and Regional Economics. The
application of hedonic pricing in this book deals with the housing market. The models
he discusses are used mainly by real estate agents and other consumers in the housing
market. He states that an equation can be written to show that the price of a house is the
function of different housing characteristics. Each characteristic has a coefficient
associated with it. The value of the coefficient can be determined through the use of
regression techniques. The coefficients represent the marginal value of the housing
characteristic with which they are associated. Once the regression is run, the results can
be used to determine the market value of a house with a certain bundle of characteristics.
In his appendix to Chapter i 1, Dr. Blair also looks at using hedonic models to determine
the quality of life index for particular regions of the country. Different amenities that
make up a region are calculated using hedonic pricing techniques. Dr. Blair’s application
of hedonic models to the housing market laid the ground work for their use in predicting
the price of aircraft engines.
The regression techniques and interpretation of the results is largely attributed to
the text by Robert S. Pindyck and Daniel L. Rubinfeld entitled Econometric Models and
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Economic Forecasts. The authors discuss multiple regression techniques and statistical
interpretation throughout Pari ! of the book. The teachings in this text are prevalent
throughout this paper and will be presented in more detail in the section on theory.
B. Sources of Data
The engine data comes from The Ensme Handbook prepared by the Directorate
of Propulsion at Headquarters Air Force Logistics Command m. Iddl The handbook
consists of data on every engine in the Air Force inventory including turbofans, turbojets,
turboshaft/turboprops, reciprocating, and small gas turbines. For the purpose of this
study, only the data pertaining to turbofans has been included This was done to avoid
any inherent differences in engine classifications that may cause the data to be skewed in
some way.
The handbook describes turbofans as engines that have a turbine-driven axial
flow fan or an enclosed propeller. Turbofan engines are sometimes referred to as bypass
engines because some or much of the air exiting the fan bypasses the turbojet part of the
engine. High-bypass turbofans produce most of their thrust through the fan.3 The fan
may be mounted either on the rear of the engine or the front (this is the most common
configuration today). The air flowing from the fan may be ducted to the rear of the
engine and mixed with the exhaust gas from the turbojet. If additional fuel is added to
this combined exhaust, the result is an augmented turbofan like tlie FI00 4
This cross sectional set of data contains only information on turbofans which
were designed similarly and delivered via a competitive government contract.

3 The Engine Handbook, Directorate of Propulsion, Headquarters Air Force Logistics Command, 1991, p.
26.
4 Ibid., p. 26.
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Incomplete data on additional turbofan engines were contained in the handbook;
however, these engines were not included in the model. Some of the engines in the
sample are modifications of the same engine. This could be considered a weakness, but
since at least one of the engine characteristics is changed, these will be considered
separate observations. All cost figures have been normalized to 1983 dollars.
In contrast to the used car data contained in the blue book, the turbofan data was
compiled over a period of 30 years which means that market conditions changed and
these changes must be taken into account by adding time series economic data to the
models. These data include economic factors such as cost of labor and capital. These
economic factors are used in an attempt to eliminate the variation resulting from the long
time span over which the data was compiled. The Economic Indicators Handbook is the
source of this data which is referred to as external engine data. The time span creates a
challenging situation by introducing numerous sources of variation that must be
eliminated for the hedonic models to produce meaningful results. The trick is trying to
account for all the variation due to changing economic conditions and using economic
time-series data to eliminate the effect this variation has on Cost.
Regression results ewe from two sources: SAS and Microsoft Excel E&m was
checked for input accuracies and found to be correct. Table one presents the variables,
symbols that will be used for the variables, and the units of measure.
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Table L

saljles. Symbol:., end Units of Measure

Variable
Cost to the Air Force
Max Thrusi
Weight
Thrust-to-weiglw F.?m
1
Compressor Fen
Compressor Low Pressure
Compressor High Pressure
Turbine Lot' Pressure
Turbine High Pressme
Turbine Inlet Temperature
Specific Fuel Consumption
PP*i Pressure Ratio
High Pressure Ratio
Overall Pressure Ratio
Bypa.es Flatio
Ajiflow
Age
Qirsiiitir/
Cost of Labor per Unit Output
Cost of Capital
C onsumer Price Im Cz

Symbol
0

T
W
T777
—
<■
TIP’
THP
'
SFC
FPR
HPR
ETC
AT'
■C
QTY
LBR
CAP
CPI

iC iM oa IVI-uoiire
1153 Dollars
Pounds
Pounds
No
units
i
Number of stages
Number of stages
Number of stages
Number of stages
Number of stages
leegrees Fahrenheit
Pounds/hr/lb. of thrust
No units
No laws
No Wilts
No unit;
Pounds of air per seco
Rank from old to new
Number of Engine
1987 Dolla
Interest rate
1To units

The Cost to the Air Force is the dependent variable in the model and is in
constant year 1983 dollars. In this case, Cost is the value in 1983 dollars of one unit of a
particular engine designation. This Cost is the price paid by the Air Force and may not
be the true production costs of the manufacturer. All of the other variables are
independent and represent factors that determine Cost. The results of the regression will
show that some variables have a greater impact on Cost than others, and some will be
insignificant in determining Cost.
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!

The variables will be divided into two classes: internal engine variables asftl
external variables. Internal engine variables will be those variables that pertain to engine
properties or hardware. External variables are associated with other economic factors
that do not effect the properties of the engine such as how much thrust ft pi'educes.
1, Internal Engine 'CiiriaMrO
The independent variable Thrust is one component that determines whether an
aircraft can takeoff. This obviously makes it a very important characteristic. The Thrust
that is used in these models is the maximum thrust in pounds produced by that engine. It
also plays a part in determining the acceleration and speed of an aircraft. Thrust is
expected to vary in the same direction as Cost-as the Thrust increases so will the Cost.
Weight is the one variable that is expected to have an opposing affect on the Coot
of an engine. The lighter an engine is, the more it will cost; the heavier an engine is, the
less it will cost. This is applies within each engine classification. For example, if there
are two F100-100 turbofans of varying weights while all other factors are equal, the
lighter engine will cost more because it is desirable to have less weight. The Weight of
an engine contributes to the Weight of an aircraft that the Thrust must over come to
takeoff.
Thrust-to-weight ratio (TTW) is simply the Thrust in pounds divided by the
Weight in pounds. It must have a value greater than one or the aircraft will not be
leaving the ground. Since the likelihood for some multicollinearity between the TTW
and Thrust and Weight is high, the regression will be run with all three variables initially,
and if multicollinearity is a problem, then one or more of these variables will be
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eliminated to address that problem, TT~JJ is expected to vary in the same direction as
Cost since this follows the logic of the relationships of Thrust and Weight with Cost.
An engine Compressor consists of three sections: the fan, the low pressure
section, and the high pressure section. Each section is composed of stages of
compressors. The numbers in the data set represent the number of stages witlnn Wm
section of the Compressor. The function of the Compressor is to bring in as much air as
possible and compress the air for later expansion during combustion. The Compressor
sections would be expected to have a positive relationship with Cost because it costs
more to add stages to the Compressor sections.
Tiir- Tin bine section is composed of only two sections: the low and high pressure
sections. Just I fe Tie Compressor sections, each Turbine section is composed of stages.
While some turbofans may have no low pressure compressor sections, all turbofans have
both high and low pressure Turbine sections to enable the turbine to drive the entire
engine after the initial startup. Turbines take the expanding air from the combustion
chambers and send it out the exhaust producing Thrust. Turbines are also expected to
have a positive relationship with Cost for the same reason that the Compressor section
would.
The Turbine Inlet Temperature may seem unimportant, but it represents how well
the combustion section of the engine operates. If the temperature is relatively high then
the combustion chamber is operating efficiently and is able to use the compressed air
generated by the Compressor sections and pass it on to the Turbine. The higher the
temperature the more the air expands, allowing the Turbine to generate more Thrust.
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Since it is more difficult to raise than lower the Turbine Inlet Temperature, it is expected
to have a positive relationship with Cost.
Specific Fuel Consumption (SFC) is a measure of fuel efficiency, similar to miles
per gallon measure for a car. SFC tells you how many pounds of fuel is burned per hour
per pound of thrust. So not only does the engine have to bum fuel, but it must do
something with this energy—produce Thrust. The cost of produomg c more fuel efficient
engine should be more thm a less efficient one; therefore, SFC is expected to vary in the
same direction as Cost.
The next four data points, Fan Pressure Ratio, High Pressure Ratio, Overall
Piecaure Ratio, and Bypass Ratio me measures of engine efficiency. They relate how
smoothly the air is being passed from one section of the engine to the next. If the
pressure ratios are low, then the engine is losing efficiency somewhere. If they are high,
then the air is moving smoothly. Because of the precision involved in producing a more
efficient engine, the Costs to the Air Force can be expected to increase as the values of
these variables increase.
The last variable that represents an internal engine characteristic is Airflow This
independent variable represents the volume of air in pounds passing through the engine
per unit time (seconds). The Airflow does not represent speed as much as it does power.
The better the Airflow the more Thrust the engine is generating. Once the engine has
been designed, the theoretical Airflow is a given, but the production process must be
precise to achieve it. Given the level of precision to achieve better Airflow, Cost is
expected to vary in the same direction as Airflow.

2. External Variables
The next five variables ars external to the properties of the engine and will be
used to explain the Costs to the Air Force of engine production which may have varied
over time and therefore can not be explained by the internal engine characteristics. The
purpose of the variable Age is to show a production learning curve. Older engines should
have taken longer to make as the production process was being refined. This assumption
would correlate to higher Costs to the Air Force for an older engine. As time passes and
engine production is refined over the years, a positive learning curve will show a
corresponding decrease m the Costs to the Air Force. The engines are rank ordered with
oldest being number one and newest being number twenty.
Quantity is a variable designed to show economies of scale. It is logical to
assume that as more engines of the same type and with the same characteristics are
produced and the process of production is perfected, the Cost to the Air Force per unit
output should decrease. Actual quantities of engines purchased will be used rather than a
ranking system from one to twenty.
The Cost of Labor variable will explain any changes in the Cost to the Air Force
due to changes in the Cost of Labor. Cost of Labor is based on the index of labor
(manufacturing) cost per unit output in the year that the engine reached Air Force
qualification. Labor data is presented in constant year 1987 dollars. Under ideal
conditions, the Labor variable should be further broken out to represent the labor cost per
unit output in only the aerospace manufacturing industry, but this data could not be
attained. Likewise, the Cost of Capital variable will explain changes in the Cost to the
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Air Force due to changes in the interest rate which represents the cost of borrowing
money to buy Capital Cost of Capital will be based on federal funds rate two years prior
to the engine reaching the point of Air Force qualification. This time frame represents
the start of production after contract award.
Consumer Price Index (CPI) is listed as a variable only because it was used to
convert all Cost figures to base year 1983 from the current year costs.
C. Strengths and Weaknesses 01 T a o
While there are some inherent weaknesses in the data used in this project, the
overall integrity of the data is high. The strengths lie in the fact that all data are accurate
and come from variations of the same class of engine. Comparing different engines
would introduce unwanted variation into the data analysis. All oiibofans have the same
basic structure and characteristics—a pound of Thrust in one turbofan is the same as a
pound of Thrust in another. Turbofans and reciprocating engines do not have the same
structure and should net t-e compared in this case, /mother strength of this data is its
completeness. All twenty different turbofans used in this analysis had a complete set of
characteristics with it, eliminating the need to estimate, guess, or omit any values.
In contrast, one weakness of the internal engine data stems from the fact that all
the data points arc related to some degree thereby increasing the probability for some
multicollinearity. For example the Turbine M et Temperature is a function of the
Compressor and, in turn, is a factor in determining Thrust through the Turbines. Some
degree of multicollinearity exists in almost all data on internal engine characteristics.
The M y thing M i can be done is to minimize the impact of such problems.
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A second shortfall in the data is the market in which they are bought and sold.
Some manufacturers may be able to exert political leverage on the market, thus gaining
market power based on previous government contracts. The manufacturer could do this
as a result of past performance or experience. For instance, the government may tend to
award contracts for a follow-on engines to the same manufacturer who made the original.
If the manufacturer realizes this, then he is able to price his production artificially higher
and still get the contract. Another way that a manufacturer could gain political leverage
is if it is located m the dic+rict of a powerful politician who can impact the awarding of
the contract. Ideally all the engines would be designed and produced simultaneously by
the same company with the same materials and at the same time. However, it is not
likely that a perfect set of data will be found, so the limitations herein will be
permissible.
Another possible limiting factor of the usefulness of this data is the small sample
size. With such a small size, outliers can have significant effects on the results of the
regressions that may skew the results and leave much of the variation of Cost
unexplained. In a large data set, the effect of outliers is minimized by the shear number
of data points that fall within the expected range. When the numbers are averaged, the
effect of a few gross outliers can not significantly change the average of a large sample
size. With a small sample size outliers can significantly raise or lower the average of a
group of data, thus creating more unaccounted for variation.
Another inherent problem with the data is the length of time over which it was
compiled. It is for this reason that time series external engine data was added to the
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models. As noted, during the 30 plus years of turbofan production, many of the
economic conditions changed with the times. The purpose of the external engine
components is to neutralize these changes or at least pinpoint and account for the
variation of Cost over time with these factors. The problem is that so many things
change with time, it is difficult to account for all the variation with a few variables. In
addition, there may be variables that could net fe treasured that will have an effect on
the Cost to the Air Force. Some possibilities include the complexity of the design,
manual labor processes or tasks, and overall engine reliability and maintainability.
Table 2 shows the raw data used in the regression models.
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Table 2. Raw Turbofan Engine Data
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48.2
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260
9
237
5-4.2
1.43
450
1
377
46.9
1.214
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498
13
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1.37
458
2
755
46.4
Cl 76
260
6
535
46,2
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3.50
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4.42

CFC
2 '17
; 2.17
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2.04;'
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2.5
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44.4
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40.5
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The basic hedonic pricing model states the dependent variable (Cost to the Air
Force in this case) is a function of a bundle of factors made up of engine characteristics
and external cost parameters (Costs of labor and capital) . 5
C = d(E, F),
where C is the Cost to the Ah Force of an engine and
E is a vector of engine characteristics (thrust, weight, etc.), and
F is a vector of external factors (Cost of labor, quantity, etc.).
In regression form, the equation would look like this:
C ^ c + Z k E + ZfrTj + ei
i=l
j=l J
where p0 = the intercept term
Pi/p_j = the coefficients of the engine characteristics/external factors, and
et = the regression error.
A regression of Cost on the other parameters will determine the value of each coefficient.
The coefficients represent not only the magnitude of the impact of that parameter on Cost
(holding everything else constant), but it also represents the average marginal value of
that parameter. For example, if Pi, the coefficient of thrust, has a value of +250, it means
Cost changes in the same direction as thrust when all other variables remain constant. If

5 Blair, op. cit., p. 398.
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thrust increases, so does Cost. It also means that an extra pound of thrust would increase
Cost on average by $250.
The best model is the model that has the best fit to the regression line and
produces significant parameter estimates. Adjusted R2 will be used to measure goodness
of fit. R represents the proportion of variation explained by the regression of Cost on E,
and Pj 6 There are a number of reasons that adjusted R 2 is a better measure of goodness
of fit than R2. The main reason is that with so many variables in the regression equation,
R 2 will be inflated because more variables tend to increase its value/ Adjusted R2 is
corrected to take into account the number of variables. The value of R2 is between zero
and one. As the value approaches one, the fit becomes better, and that represents the
better model.
The F statistic will also be used to test the model. The F statistic is a measure of
explained variance divided by unexplained variance. Obviously, a good model will have
a large amount of explained variance when compared to unexplained variance. The F
test will be used with the hope of rejecting the null hypothesis which states that all the
Pi’s and Pj’s are zero. The only way all the pi’s and pj’s can be zero is if there is no
explained variance. In this case, the model is worthless. If the calculated F value is
larger than the critical Fk„lrN_k, then the null hypothesis can be rejected.8 From the F
tables, the critical F value (where k=15 independent internal engine variables and N=20

6Robert S. Pindyck and Daniel L. Rubinfekl, Econometric Models and Economic
Forecasts. New York, McGraw-Hill, Inc., 1991, p.61.
' E-ifldyok, op. cit, p. 77.
8 Ibid.'. p. 64
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observations) for a case that includes only internal engine variables would be
approximately 4:54 at the five percent level of significance.
The t test will determine the significance of the individual coefficients. The null
hypothesis of the t test states that pi=;j, To reject this hypothesis or to say that the value
of a coefficient is statistically significant, the absolute value of the calculated t statistic
must be greater than the critical t statistic.
Multicollinearity is a problem tlie.t often exists with multiple regression models.
Multicollinearity shows up when two or more of the independent variables are highly
correlated with each other,9 This presents a problem because the change in the
dependent variable camiot be measured accurately by changing only one independent
variable and keeping everything else constant. If multicollinearity exists, then
confidence in the values of the parameter estimates will be low. The fAC program prints
out a variance inflation factor (7TGF) and a standard error associated with each parameter
estimate. Multicollinearity exists if the ’/TF is greater than five or if the standard error of
&parameter estimate is very large. This problem can be addressed by adjusting the
model in certain ways and monitoring the impact of the changes on the TTFs and the
standard errors. One way to adjust the model is to drop one or more of the variables that
are deemed to be correlated with other variables. Another way is to transform some of
the collinear variables. Both methods will be explored if problems with multicollinearity
arise.

9 Ibid.. p. 84
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fas As I ;: Correlation between Cost and Independent Aiii'obles

This series takes a look at the correlation of each independent variable with Cost
to the Air Force. The object here is to determine the value of each independent variable
in determining the Cost paid by the Air Force, if Cost and an independent variable are
highly correlated, then the value of R, the correlation coefficient, will be fairly highabove .5. Table 3 shows all the correlation coefficients.
The correlation coefficient shows the strength of the linear relationship between
Cost, the dependent variable, and any one of the independent variables. As the absolute
values of R approach one, the linear relationship is stronger. An R value near zero
indicates a very weak linear relationship. There are five variables whose R values (in
bold) are approaching or are above .7 indicating a fairly strong positive relationship
between each one and Cost A positive correlation indicates that Cost and the variable in
question vary in the same direction; or as Cost increases so does the variable. A negative
correlation indicates that Cose and the variable vary in opposite directions—as Cost
increases, the variable decreases.
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Table 3. Sesiec T; C orrelation Coefficients
'C c r f c I t f ic m .
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i
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.

O- .

|

AF

0.558
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; /'■

QTY

-0.290

TO
CAP

0.27?
0.010:

|

None of the variables wixih negative correlations have strong relationships with
Cost. Thrust has the highest degree of correlation which indicates that it should be
valuable in predicting Cost.

Weight is significant not only because of its high

correlation with Cost, but also because the sign associated with its correlation coefficient
is the opposite of what one might expect. It seems logical to assume that it would cost
more for engines with less weight, ceteris paribus, but the positive correlation indicates
that as weight increases so does Cost. While this is unexpected, it does not necessarily
mean that it is wrong. Heavier engines could include more toicbine and compressor

sections which produce more thrust while increasing the weight. This information will
be need as the variables are put into series of regression models.

B. Serf

i

Series 2 consists of one large multiple-variable regression model that will be a
baseline and a point from which changes will be made to address any problems with the
results. This first regression of Cost is on all she internal engine variables (except CF,
CLP, and TLP) and the external variables. The three variables were left out because the
computer model had a maximum limit of sixteen independent variables. The regression
equation looks like this:
C = p0+ P?T + fVW + fwTTW + p4CHP + jhTHP + |36T II + !>7bPC + p£FFR +
P5ITPF: + pioOPC + buPER + p l2/J? + i3,;Age + fA,OIT + j3i5LEF_ + PieCAP

The regression of this model yielded m F value of 5.14 and an adjusted R2 value of .777.
The rest of the results are compiled in Table 4.
The adjusted R2 is fairly high indicating the model produces a good fit to the
regression line and the model explains a large proportion (77%) of the total variation of
Cost on the parameters. The F statistic tests the validity of R2 along with the hypothesis
that all pi = O,10 The critical F value for this model is Fi5j4 = 5.86 at the five percent level
of significance. Since the calculated. F value is 5.14, the null hypothesis is cannot be
rejected, and R2 is not validated. This means that all of the coefficients in the model
could be zero. The F test is further validated by the t statistics. None of the t statistics

10 Ibid, p. 79.
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are significant, meaning that the parameter estimates of the coefficients are meaningless.
Some of the problems in this model can be attributed to the fact that with just 20
observations, there are only three degrees of freedom. This condition tends to yield very
low F and t statistics.
Table 4, Series 2: Regression of Cost on Internal and External Engine Tarsables
IrWii

1 ' OYjfeiF

E s t ii L „ l e
51900?'
itercept
-59.5
ust
-Cl 5
Weight
-317591
Thrust-to-weight Ratio
04o 4 4
Compresc-or-High Pressure
- joy’-seo j
1vi ©me-High Pressure
1632
Turbine Inlet Temperature
=476635
Specific Fuel Consumption
4973496
Fan Pressure Ratio
02:721
High Fiessure Ratio
=505960
Overall Pressure Ratio
Evposc Ratio184ICO
4847
low
342909
=225
QTY
=1*30833
295020
CAP
A6juctei Fl^ = 0.777 F value = 5.14

0.094
-0 250
=0 255
-0 327
0.747
AO 32
0.575
-0,735
0 341
W 195
; * ■:
0.319
1.981
-0,2
.

After doing a series of these large models, it became clear that something must be
changed to achieve meaningful results. Further analysis revealed that there is a high
degree of correlation between Thrust and most of the other internal engine variables.
This is also known as multicollinearity. This series of regressions produced models that
had very high R values and good F values that verified the R and the fact that at least
some of the coefficients were not zero. The problem with the models involving only
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internal engine variables was that multicollinearity was so prevalent that the results were
tainted. The variance inflation factors f riFs) 7 / 3re very high showing that all die
variables were correlated to some extent and all of them are logically related to Thrust
since that is the main function of an engine-to produce Thrust. Because of the
multicollinearity, no confidence cs-a be placed in the parameter estimates. To address
this problem, the variables had to be changed in some way. Transforming the variables
into their natural logarithmic forms did not work, nor did transforming them by dividing
them all by Thrust. So, to alleviate this problem a couple variables that stood out in this
series of models, based on the significance of their t values and their correlation to Cost,
were chosen to represent the entire bundle of engine characteristics and the rest of the
internal engine variables were eliminated. Overall pressure ratio was the most significant
variable in all the models, so it was chosen Tk'ust-to-weight ratio, thrust, and weight
were also chosen to be used in models with the external engine variables.
C. Series 3: Combining Independent Variables
Using the information from the models in Series 1 and 2, the variables were
combined into new models. This progression led to adding and deleting variables until
the best combination of variables was found. OPR and TTW were used in these models
while T and W were not.
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Table 5 shows a model, composed of five independent variables, that had an R2 of
84%, an F value of 20,85, end a11lie t values were significant. The problem with this
model and all the models in this series was the signs associated with the coefficients.
The coefficient for labor costs was negative. This means that as the Cost of labor
increases the Cost to the Air Force decreases. If this is carried out, theoretically, as labor
is paid more and more, the engines become almost free. Obviously, this condition cannot
represent reality. Similar problems existed with the variables, age and thrust-to-weight
ratio (TTW). The coefficient for age is positive when it is logical to assume that as the
production process is refined over the years, the Costs to the Air Force would decreasethis means the coefficient of age should foe negative. The coefficient of TTW was
negative which implies that as TTW is increased, Costs to the Air Force decrease.
Increasing TTW is the objective of an engine and it is not logical to assume that ac TTW
is increased, the Cost will decrease. This anomaly was probably caused by
multicollinearity because correlation analysis revealed a tegh degree of correlation

between the variables. Using the natural logarithmic form of the variables was also tried
in this series of models, but the results were not as good as those in Table 5.
G S-irae:1A adding Thrust and Weight
At this point Thrust (T) a.ai Weight (W) were substituted for OPR and TTW,
respectively to determine if this might solve the problem with multicollinearity that was
skewing the results of the previous series of models. First Weight was added to the
model in place of TT7/ v/hile OPR stayed in the model The wrong signs on the
coefficients were still present. Thrust was added in place of OPR, while Weight
remained in the model, and this time the results were not any better. As Table 6 shows,
Thrust and Weight were insignificant, and Age and Labor still had the unexpected signs.
The possible reasons for the expected signs are multicollinearity, again, and outliers in
the sample. Since the sample size is small, outliers can have a major effect on the
regression results. Series five models will address the problem of outliers.
Table 6, Series 4: Adding Thrust and Weight
P:MGlMWi,ep

'I' ? a l l 6

Estimate
rUTERCEPT
AGE
LET:
T
CAP
W
-i ;

1622425
242118
56956
0,713518
153685
242
' ' . ' •
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E. Series 5: Searching for Outliers
Since changing the variables didn’t work, the data was reviewed for anomalies
that might be the cause of the illogical results. The procedure for doing this involved
plotting the variables individually against Cost is their linear and natural logarithmic
forms and looking for outliers. Of the sample size of twenty engines, six had at least one
outlier. One engine, the F107-101, had values that were outliers in at least half of the
plots and was borderline in many others. This entry was eliminated from the sample size
dropping it to nineteen. The models were then run again to show what effect this would
have. It had no appreciable effects. The same problems existed again. Note also, that
running the plots showed no distinct advantage of using either the linear or natural
logarithmic forms of the variables.
F, Series 6: Using a Dummy ^OrmMe
Using the sample of nineteen, a dummy variable (MFR) was added to represent
the different engine manufacturers to determine if some of the Cost variation can be
explained by who made the engine. There were five different manufacturers, but one
was thrown out with Tig F107-101 m Series ;3. Of the other four manufacturers only two,
Pratt & Whitney and General Electric, had multiple engines in the sample size. MFRP
represents the dummy variable for all engines manufactured by Pratt and Whitney. If the
engine is made by Pratt and Whitney, the MFRP value will be one; otherwise, it will be
zero. MFRG represents engines made by General Electric -aid I\#TjC represents those
made by CFM International filiison is the other manufacturer. If a dummy variable is
significant, it indicates that there is cost differential between engines made by that
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manufacturer and Allison. In mo dels with OPR and TTW, none of the dummy variabl
were significant and the other values were very similar to those of the models without
dummy variables. In a model well I and W, MFPP was significant, but T and W were
not. Adding the dummy variables to this model did increase the Rz and F values, but
none of the signs associated with die significant variables changed to ones that make
logical sense. Removing Weight from the model resulted in Thrust becoming signifies
but no other major changes occurred
TbMe 7, Series 6: Adding the Dummy Waviable
Y m - 'm h h

Parameter
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m tercef:
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-646420
-459464
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29.26
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-56208
Adjusted Fd = 0.S72 F value = 16 36

T value
4.246715
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-0.88383
-0 6764
0.33362
0.828592
4.653753
2.473885
-5.03297

VL CONCLUSION

The purpose of this project was to determine the feasibility of using a hedonic
pricing model to predict the Costs to the Air Force and explain the variation of such costs
of aircraft engines purchased under government contracts. To set up a hedonic pricing
model, data must be compiled on those variables that impact the cost of a product. The
hedonic model is an ordinary least squares regression of cost on these variables. If the
model is shown to be a good fit to the regression line by its R2 and F values, and if the I
values show that at least some of the parameter estimates or coefficients of the variables
are significant, then the coefficients represent the marginal value (or cost) of the next
unit of its associated variable. If the R2 is high enough to explain an acceptable amount
of the overall variation in the model, and if the signs of the coefficients make logical
sense, then the model does its job and is a useful tool in predicting the cost of a particular
product.
During this project, many models were run trying to find the best combination of
variables to predict the Cost to the Air Force. As obstacles were encountered, the
combination of variables changed attempting to offset the problems. Overall, the
problems can be related to two areas; the data set, and the market conditions.

A. Data Set Problems
The biggest problem with the data set was its sample size. With only twenty
observations, the effect of outliers on the regressions is magnified. There were at least
six engines that had one or more outliers in their characteristics. One in particular had
multiple outliers; however throwing it out had no effect on the regression models.
Taking out all seven observations would have decreased the sample size too much. The
only solution to this problem is to chose a larger set of data. Unfortunately, turbofans are
the largest group of engines in the Air Force inventory.
The second major problem with the data set is the time frame over which it was
compiled. Most cross sectional data sets are a snap shot of data at that point of time.
The advantage of having data from the same time period is that no other factors need to
be added to account for changes in the variables due to time. The turbofan data set
comprises data taken over 30 years. The external variables were added to the models to
account for changes in Cost over time. In reality, all the changes due to time probably
cannot be accounted for. There are some things that affect Cost that cannot easily be
measured; for instance, changes in materials that make them lighter, or the complexity of
design that changes Cost more than the rate of inflation, or differences in the reliability
and maintainability which affect Cost. These factors and others occur gradually with the
passage of time and are not accounted for in the models.
Finally, another major problem with the data set is the existence of
multicollinearity. The correlation between the internal variables was very high.
Variables were removed, transformed into their logarithmic forms, and divided by other

variables with no significant results. Multicollineanty means that marginal values cannot
be determined because the independent variables change each other thus rendering it
impossible to determine the effects on Cost of changing one variable. This problem was
addressed by eliminating most of the internal engine variables and using a select few to
represent the entae beadle. The regression results verified the problem by producing
unexpected signs and magnitudes for the coefficients.
B.

'Conditions

The other major problem area is the market conditions under which the engines
where produced and purchased. Hedonic models need market conditions to be close to
pure competition in order to get a fair value for costs associated with the product under
consideration. For this to occur, there should be multiple buyers and sellers such that the
market sets the price of the goods-engines, in this case. For turbofans, there are
basically two producers, Pratt and Whitney and General Electric, and one buyer, the
government. The producers may be able to act like a cartel if they can coordinate their
prices and output decisions. In some cases, one has been the prime contractor and the
other has been a subcontractor on the same contract. They can also restrict the entry of
potential producers. When this happens, factors other than the characteristics of an
engine are determining the price of a product. Because the two producers have already
invested the capital in their production facilities, they can afford to under bid newcomers
to the market. After cornering the market, they have the market power to determine the
price of their products because the demand for their products is not price sensitive.
Aircraft need engines to fly and the government can only get them from one of two

places. Whether or not the producers use this power to inflate the price of there products
is another matter, but the point is that they have the power to do so if it suits their desires.
Therefore, this market may not approach pure competition which is one of the conditions
needed for a hedonic pricing model to work.
Part of the market problem is the fact the government is not a good consumer~it
does not minimize cost. They purchase products based on factors other than price. One
example of this is the four F100 series of engines included in the sample size. After
buying the first one of these from Pratt and Whitney, it makes sense for the Air Force to
buy the next one fio ni Pi aft as well even if their bid was not the lowest. Why, because
the Air Force is familiar with it. The maintainers who work on engines would not have
to learn a whole new engine. Also, there may be some interchangeability and
replaceability advantages. Not only can the same parts be used in each of the engines,
but in some cases the entire engine can be replaced by another in that series. This is
another example of legitimate engine characteristics that could not be measured for their
effect on cost. So, factors other than the characteristics of the engine may detennine its
cost. If this occurs, it violates another condition needed for hedonic models to work.
Another market problem related to the government not being a typical consumer,
is the type of contracts that the government uses to purchase the engines. Some of
contracts are “cost plus” contracts. In a cost plus contract, the producer is guaranteed to
be reimbursed for any costs incurred during the production of the engine; plus, he is also
given an incentive fee. The incentive fee is somewhat of a contradiction in terms
because there is no incentive for the producer to stay within the bounds of his bid price

since he is guaranteed to be reimbursed for these costs. The incentive fee is also very
political. A contractor normally receives all or most of his incentive fee even when his
performance is behind schedule and over cost. The government accepts the burden of the
cost overruns.
The final major impact on the market conditions is the political factors that
influence most major government contracts. There are a variety of political influences
that happen in the real world of government contracting. Some contracts may be
awarded to payoff political debts to congressmen of the district benefiting from the
contract. One might argue that with only two major producers the payoffs are limited to
two geographic areas, but the geographic areas of the subvendors must also be
considered During contract source selection, the producers form teams and layout who
would be producing what parts. When this is done, the subvendors or suppliers are
clearly identified. This allows the contract award to be a payoff because a subvendor in a
particular district will be able to hire more people to work on the contract. Other times it
is in the best interest of the Air Force to alternate contracts between the major producers,
regardless of the quality of the proposal, so that they can keep both contractors fiscally
sound. Otherwise, one of them may go out of business and leave one producer to obtain
a total monopoly on the market Awarding a contract based on the producer’s need for
work is not a utility maximizing function. Hedonic models assume that consumers act in
ways that will maximize their utility.
The object of this project was to determine if hedonic pricing models would be able
to accurately predict the Cost to the Air Force of an aircraft engine purchased in a
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government contract. Some of the models had very high R2 values, and statistically
significant parameter estimates, but the signs associated with the parameter estimates did
not always follow economic theory. The negative sign on the coefficient of the variable
LBR was the main standout. The reason that this occurred can be largely attributed to
multicollineanty within the data set, but can also be partially attributed to legitimate
engine characteristics effecting Cost that could not be measured, and market conditions
that did not approach pure competition and allowed the producers to exert power over the
price of the products. For these reasons, this data set and the market environment did not
meet the conditions needed for the models to explain the variations in the Costs to the
Air Force. Therefore, hedonic modeling techniques cannot be used to predict the Cost to
the Air Force of aircraft engines purchased under government contracts.
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